Primiparous females gave birth around the same time as multiparous nonlactating females, and earlier than did multiparous lactating females. No differences in birth sex ratio were found between primiparous and multiparous females.
Introduction
Human and non-human primate females reach menarche before growth is completed (Mori, 1979; Watts & Gavan, 1982; Lancaster, 1984 Lancaster, , 1986 Anderson, 1986) , entering thereafter a period of adolescent sterility that can last from 1 year, as in rhesus macaques (Wilson et ai, 1984 (Wilson et ai, , 1986 Wilson & Gordon, 1989) , up to 2 years, as in chimpanzees and humans (Lancaster, 1986) . Eventually, an increase in body weight, associated with an increase in serum GH and prolactin, precedes the first ovulation (Wilson et ai, 1984) . From this event until the end of their reproductive careers, females experience a series of recurring cycles, each of them consisting of 3 phases: ovula¬ tory interval (or waiting time to conception), pregnancy and post-partum amenorrhoea (Short, 1976; Bongaarts & Potter, 1983; Dunbar, 1988) .
Lactation is a costly activity in energetic terms (Martin, 1984; Oftedal, 1984; Prentice & Whitehead, 1987) , which can lead to a deterioration in maternal body condition and, consequently, to high mortality rates among lactating mothers (primates: Altmann, 1980 Altmann, , 1983 red deer: Clutton-Brock et ai, 1982a , b, 1989 . Human females seem to be relatively protected against losses in body condition during lactation, probably due to their greater fat reserves and low cost of lactation per unit time (Hartmann et ai, 1984; Oftedal, 1984; Prentice & Whitehead, 1987; Lunn, 1988) . Lactation can also depress subsequent reproduction, and this effect is so strong in human and non-human primates that lactation is considered to be the main proximate mechanism regulating 'natural' fertility (Short, 1976 (Short, , 1984 Bongaarts & Potter, 1983; Nicolson, 1987;  Campbell & Wood, 1988; Thapa et ai, 1988) . The presence of a suckling infant delays the resumption of oestrus and increases the number of sexual cycles before conception (Short, 1976 (Short, , 1984 (Short, , 1985 Altmann et ai, 1978; Konner & Worthman, 1980; Nicolson, 1982; Elias et al., 1986; Lee, 1987; Stewart, 1988; Gomendio, 1989) . In seasonally breeding species, like the rhesus macaque, lactating females can only sustain a small number of ovulations during the breeding season (Pope et ai, 1986) , and are less likely to become pregnant in any given year than non-lactating females (Drickamer, 1974; Gordon, 1981; Hiraiwa, 1981; Paul & Thommen, 1984; Scucchi, 1984; Wolfe, 1986; Lee, 1987; Gomendio, 1989) . Furthermore, the extent to which lactation delays subsequent reproduction depends on the suckling pattern; in particular, the frequency of suckling bouts seems to have a considerable influence upon fertility (man: Könner & Worthman, 1980; Howie & McNeilly, 1982; Short, 1984; Wood et ai, 1985; vervets: Lee, 1987;  gorillas: Stewart, 1988; Stewart et ai, 1988 ; macaques: Gomendio, 1989 ).
Physiological work suggests that the suckling stimulus on the nipple acts by increasing levels of opiates which, in turn, depress the secretion of gonadotrophin-releasing hormone (GnRH) within the hypothalamus. The decrease in GnRH secretion prompts the suppression of luteinizing hormone (LH) output, which ultimately prevents the occurrence of normal ovulatory cycles (Short, 1984; Pope et ai, 1986; Gordon et ai, 1987; McNeilly, 1988; McNeilly et ai, 1988) .
Primiparous females suffer high infant mortality rates and go through a marked depression in fertility after their first birth (Drickamer, 1974; Dolhinow et ai, 1979; Mori, 1979; Hiraiwa, 1981; Silk et ai, 1981; Burton & Sawchuk, 1982; Strum & Western, 1982; Wilson et ai, 1983 Wilson et ai, , 1988 Pope et ai, 1986; Altmann et ai, 1988; Silk, 1988 ; also reviews by Anderson, 1986; Lancaster, 1986; Nicolson, 1987) . In seasonal species, primiparous females which are lactating show the shortest ovulatory period (being the last ones to start ovulating and among the first to stop), and the highest proportion of abnormal ovulations among all reproductive females, resulting in very few of them becoming pregnant (Pope et ai, 1986; Wilson et ai, 1988) . Attempts have been made to relate these reproductive deficiencies to physical condition or lactational patterns, but no compelling evidence has so far been found. The aim of this paper is to examine the reproductive events during the year following birth in primiparous and multiparous females, and to try to uncover any existing links between differences in fertility and differences in suckling patterns.
Materials and Methods

The Madingley colony
The present colony of rhesus macaques (Macaca mulatta) kept at Madingley was established in 1982, and since then all the groups have been stable in composition. The colony has 6 social groups, each of them consisting of a single adult male with several females and their offspring. To maintain a situation as similar as possible to the social structure and social dynamics found among wild populations (reviewed in Melnick & Pearl, 1987; Dunbar, 1988) , females are kept in their natal groups, which has led to the formation of matrilines, while young males are removed at 3-4 years of age. The adult male in each group is regularly replaced to prevent inbreeding.
Each social group inhabits an independent enclosure, and all the monkeys have ample visual, olfactory and auditory communication with members of the other social groups. Each enclosure has an outdoor pen (approximately 8 3 4m) and a heated indoor room (approximately 2-5 1-5x2 m). The monkeys move freely from one to the other through a small flap-door. The enclosures are provided with shelves, wooden bars, swings and large pipes which add new spatial dimensions. Every day the enclosures are cleaned early in the morning, and the animals are fed immediately afterwards with pelleted monkey food, nuts and sunflower seeds. They are fed for a second time between 13:00 and 14:00 h with fresh fruit and vegetables.
Reproductive data
Macaques are seasonal breeders (Vandenbergh & Vesey, 1968; Drickamer, 1974; Gordon, 1981; Pope et a!, 1986) . At Madingley, the breeding season takes place during autumn and winter, and females give birth during spring and summer. The breeding season lasts for about 3 months, a phenomenon common to most macaque populations (Melnick & Pearl, 1987) .
Although changes in the colour of the perineal skin have been reported to occur around ovulation in rhesus monkeys (Czaja et al., 1975) , at Madingley there was great inter-individual variation in this respect. In most cases, no clear external morphological changes could be detected, and so female reproductive condition had to be inferred from the behaviour of the females. The term Oestrus' is therefore used to refer to the appearance of proceptive and receptive behaviour, leading to copulatory behaviour with the male (see Hrdy & Whitten, 1987) . No attempt was made to determine whether ovulation accompanied a given oestrous period. All mature females came into oestrus every breeding season, but not all of them conceived every year. The first day on which a female was seen in oestrus was considered as the start of the breeding season for the whole colony. For each female, the first day on which she was observed interacting sexually with the male was taken as the beginning of her first oestrous period. Generally, females underwent several consecutive oestrous periods before they became pregnant, and females sometimes interacted sexually with the male after they had already conceived. Conception dates were calculated by counting back 168 days from the next birth (van Wagenen, 1972; Wilson et a!, 1988) .
In any given year, the date of the first birth was considered as the start of the birth season for the whole colony. Inter-birth intervals were divided into two categories depending on whether females reproduced in consecutive years (1 year inter-birth interval) or in alternate years (2 year inter-birth interval). This criterion was chosen because it reflects the drastic differences in reproductive rates that females in seasonally breeding species experience, as opposed to the more gradual differences that are characteristic of non-seasonally breeding primates. It should be noted that this method contrasts with other reports on seasonally breeding primates which focus on differences within 1 year inter-birth intervals (e.g. Silk, 1988) .
Data on the timing of oestrous cycles for all the colony females were collected during the breeding seasons of 1985/1986 and 1986/1987. For this purpose, systematic observations were carried out daily for all groups to deter¬ mine which females were in oestrus throughout the entire breeding season. The precise timing of first oestrus was determined in 30 cases.
Birth dates from 1985, 1986 and 1987 have been used to determine conception dates for a total of 38 cases. Analyses of inter-birth intervals and birth sex ratio include data collected from 1983 to 1987. Before this study began (1985) , data were collected by a number of researchers working under the supervision of Dr M. J. A. Simpson. The lengths of 39 inter-birth intervals were calculated, and the sex of 51 offspring determined. Data from the year following the establishment of the colony (1982) have not been included to avoid any possible confounding factors derived from the early stages of group formation.
Suckling data
Data on suckling patterns were recorded from August 1986 until August 1987, for 12 macaque infants (6 males and 6 females) born in 1986 (Table 1 ). There were 8 multiparous and 4 primiparous mothers. In this study, a 'primiparous' mother was defined as a mother who was raising her first surviving infant (i.e. ignoring previous abortions or birth to dead infants).
Data on suckling behaviour were collected from the age of 4 months. From then on, each month of age was divided into two 15-day long periods for each infant. At least two independent suckling samples were collected during each 15-day period. Observations were made from 10:00 to 13:00 h and from 14:00 h to sunset. Suckling sequences were registered in detail in 1-h long observation sessions. However, observations were stopped after 30 min if all the members of a group had fallen asleep during that period. When this happened, at least two other complete observation sessions per 15 days were recorded for that infant. The precise timings of all initiations and endings of nipple contacts were recorded by using a stopwatch.
Analyses
Suckling sequences consisted of temporal clusters of nipple contacts. However, these clusters were not clear enough to be objectively recognized, and so log survivorship analysis was used to define a bout statistically (see Martin & Bateson, 1986 ). This method determines the minimum interval separating consecutive bouts, (i.e. the bout criterion interval. Any interruptions lasting for longer than the bout criterion interval are then treated as inter-bout intervals, while any interruptions that are shorter than the bout criterion interval are treated as within-bout breaks. To estimate the bout criterion interval, the cumulative frequency of gap lengths (on a logarithmic scale) is plotted against gap length (on a linear scale). This method is based on the assumption that within-and between-bout intervals Pregnant refers to whether the mother reproduced again during the following year. are generated by two random processes with different rate constants, giving short within-bout intervals and long interbout intervals. If there are many short within-bout intervals and a few long inter-bout intervals, in the graphical representation a rapidly declining slope should appear distinctly separated from a slowly declining portion by a 'break point'. The interval corresponding to this break point can be considered to be the bout criterion interval. This interval was found to be 60 sec, which coincides with that found in other primate species (Lee, 1987; Stewart, 1988) . Thus, when an infant interrupted nipple contact for > 60 sec the suckling bout was considered to be finished, while if the interruption was < 60 sec long it was treated as a within-bout break (for further details see Gomendio, 1988) . It therefore follows that the basis for such a definition of bout is statistical, rather than physiological. Since it is still unclear at what level(s) the suckling stimulus operates (i.e. has physiological consequences), both the level of suckling bouts and the finer level of within-bout contacts were considered in this study (see below). Nutritive suckling could not be distinguished from non-nutritive suckling. The suckling variables analysed in this study were frequency of suckling bouts (per hour), duration of the suckling bouts (min), and number of nipple contacts (per bout). This last variable refers to the number of times contact was established and then interrupted for < 60 sec during a given suckling bout. For example, there was 1 nipple contact per bout when there were no interruptions during that bout, 2 nipple contacts per bout when there had been one interruption, and so on.
Most results are presented in relation to months of age or, alternatively, 15-day blocks. When analyses were done in relation to the timing of specific reproductive events, such as first oestrus or conception, the 15-day period in which such an event took place has been considered. When the results include a broader time scale before and after these events, this was done by including data from the 15-day age periods which preceded and followed these events. In this case, the age period in which first oestrus or conception occurred is referred to as point ', the preceding and follow¬ ing age periods as -0-5 and +0·5 months, and so on.
Statistics
The main statistical analyses include: 2, Mann-Whitney, and analysis of variance. All probabilities were twotailed. Combined means were derived from the means of each separate infant. Standard errors of the mean (s.e.m.) (see Martin & Bateson, 1986) accompany mean values when relevant.
For the analyses of variance, all variables were tested for normality. Those that were not normally distributed were transformed as recommended in Martin & Bateson (1986) (see also Sokal & Rohlf, 1981) . Frequencies were corrected by using square-root transformation, and proportions and percentages were corrected by using arcsine-square root transformation. Transformed data were then re-tested for normality, satisfying the tests in all cases.
Results
Timing ofbirths, sex ratio and inter-birth intervals
Since the establishment of the new rhesus colony at Madingley (from 1983 to 1987), 6 out of 10 females have had their first surviving infant when they were 4 years old, and the remaining females have started reproducing at 3 (2 females) or 5 (2 females) years of age.
During the birth season, multiparous females who had not reared an infant during the previous year (i.e. non-lactating multiparous) were the first to give birth (20-33 + 708 days after the start of the birth season, = 9), followed shortly afterwards by the primiparous females (26-73 + 6-52 days, = 11). No significant differences between these two groups were found. However, multi¬ parous females who had reared an infant during the previous year (i.e. lactating multiparous) gave birth 1 month later on average (58-33 + 6-39 days, = 18), the differences between this group and the other two being significant (lactating multiparous versus non-lactating multiparous: Mann-Whitney, U = 17-5, = 00007; lactating multiparous versus primiparous: Mann-Whit¬ ney, U = 35-5, = 0002).
Primiparous mothers gave birth to a somewhat smaller proportion of males (4 cases out of 10) than females (6 cases), a trend that was also found among multiparous females (N = 41, males, 46-34%; females, 53-66%). There was no significant difference between the two groups of mothers (df= 1, 2 = 0131).
However, these two groups of mothers did differ significantly with respect to the length of the interval between two consecutive births (inter-birth interval). While only 1 primiparous female out of 7 had another infant in the year following the birth of their first surviving infant, most multi¬ parous mothers gave birth again during the following breeding season (77-42% 1 year interval, = 31) (df = , 2 = 10-113,/' = 0-001).
Developmental trends ofsuckling patterns
The suckling patterns of primiparous and multiparous mothers were compared to see whether there were any differences in suckling behaviour, and, if so, whether they might be related to the differences found in short-term fertility.
Infants of primiparous females sucked significantly more frequently than did infants of multi¬ parous mothers over all the age range considered (Fig. la) . This difference was already present by 4 months of age when infants of primipares were being suckled at around 6 bouts per hour, whilst infants of multipares were sucking with a frequency of only 3-5 bouts/h (Mann-Whitney, Nt = 7, N2 = 4, U = 5, -005). After a somewhat parallel decline in frequencies with age for both groups, between 7 and 8 months of age infants of primiparous females started sucking more fre¬ quently, giving rise to a marked peak which magnified the difference between the two groups during this period (Mann-Whitney, N, = 8, N2 = 4; Month 6, U = 3, = 0-01; Month 7-5, U = 1, = 0004). It was precisely during these ages when most mothers came into oestrus (see below). After this peak, sucking frequencies started decreasing again for infants of primiparous mothers, while infants of multiparous mothers continued the consistent decline with age that they had shown from the beginning of the period considered.
The number of nipple contacts made per bout also declined with age in both groups (Fig. lb) . Infants of primiparous mothers tended to make more independent nipple contacts within a bout than did infants of multiparous mothers, except at 10 and 11 months of age, when this tendency was reversed.
Finally, all young infants sucked in bouts of between 3 and 4 min in duration and, thereafter, the bouts became longer, reaching a peak at 7 (multiparous) or 8 (primiparous) months of age, after which they gradually became shorter again (Fig. lc) . Although the duration of suckling bouts was similar for both groups at 4 months, infants of multiparous mothers increased bout length more rapidly from then on, and after reaching a peak of 8 min remained fairly constant, while infants of primiparous females markedly decreased the duration of their bouts after their own peak of 7 min. These differences resulted in significantly longer sucking bouts for infants of multiparous females over all the age range considered.
Suckling patterns during the breeding season
During the following breeding season, infants of primiparous mothers were on average 1 month older when their mothers first came into oestrus than were infants of multiparous mothers (primi¬ parous, 8-62 + 0-55 months, = 4; multiparous, 7-62 + 0-40 months, = 8; Mann-Whitney, Fig. 1 . Differences in suckling patterns between primiparous and multiparous mothers throughout the age range considered: (a) frequency of suckling bouts (2-factor ANOVA: in¬ fant's age, df = 16, F = 3-762, = 00001; parity, df = 1, F = 27-464, = 00001); (b) number of nipple contacts per bout (2-factor ANOVA: infant's age, df = 8, F = 2-714, = 001; parity, df = 1, F = 3-446, = 006); and (c) duration of suckling bouts (2-factor ANOVA: infant's age, df = 8, F = 1094, N.S.; parity, df = 1, F = 5-119, = 002). U = 8-5, N.S.). Because of these differences in age at a time when crucial reproductive events were taking place, analyses in relation to these events, rather than age, were carried out to see whether the differences in suckling patterns found became magnified at this time.
Primiparous mothers started cycling about 2-5 months after the start of the breeding season (76 + 715 days, = 4), while multiparous mothers came into oestrus around 1-5 months after the beginning of the season (42-75 + 6-6 days, = 8) (Mann-Whitney, U = 2, = 0008). Further¬ more, those mothers who subsequently became pregnant, irrespective of parity, conceived during the first 2 months after the start of the breeding season (6514 + 9·.57 days, = 7), before the average primiparous female had started cycling.
During those age periods in which the mother was seen in oestrus, primiparous mothers suckled their infants nearly twice as often as did multiparous mothers, the difference between the two groups being statistically significant ( Fig. 2a ). However, no differences in the number of nipple contacts made per bout while the mother was in oestrus were found (Fig. 2b ). Finally, although infants of primiparous mothers tended to have shorter suckling bouts, no significant differences in suckling bout length during oestrus were found (Fig. 2c ). To detect more accurately any differences that could have arisen before and after mothers came into oestrus, data were plotted in a time scale that had this event as the reference point (see 'Materials and Methods'). Because mothers which conceived did so within 1-5 months of their resumption of oestrus, a range of 1-5 months before and after the appearance of the first oestrus was considered. The mean conception date was <1 month after the first oestrus (22-71 + 5-71 days, = 7). Primiparous mothers were suckling their infants more frequently than were multi¬ parous mothers 1-5 months before they came into oestrus (Fig. 3) . This difference became even more pronounced when mothers started cycling, due to the fact that suckling frequency increased for primiparous mothers at this time, while suckling frequencies remained fairly constant up to this point for multiparous mothers. In both groups, suckling frequency started declining after the return to oestrus. Although the drop in suckling frequency was marked in both groups, primi¬ parous mothers maintained frequencies above a lower limit of around 2 bouts/h. In contrast, multi¬ parous females started suckling their infants at < 1-5 bouts/h soon after they resumed oestrus.
Infants of primiparous females made more nipple contacts/bout 2 months before their mothers came into oestrus (primiparous, 2-56 + 0-19, = 4; multiparous, 1-79 + 0-22, = 7; Mann-Whitney, U = 4, = 0-03), as well as when their mothers came into oestrus (primiparous, 217 + 0-54 nipple contacts/bout, = 4, multiparous, 1-83 + 0-18, = 8), and thereafter (Month +1: primiparous, 1-95 ± 0-30, = 4; multiparous, 1-63 + 0-19, = 7), but the two latter differences failed to show statistical significance.
Bout duration did show differences between groups. Infants of primiparous females had suckling bouts which lasted for about 4 min before, during and after their mothers returned to oestrus (Month -1, 3-82 + 0-29; Month 0, 3-77+ 1-07, Month +1, 4-44+ 1-59), while infants of multiparous females had consistently longer bouts (Month 
Discussion
At Madingley, most females gave birth to their first surviving infant at the age of 4 years, which also seems to be the rule among most free-living provisioned (Drickamer, 1974; Wolfe, 1986) , and captive (Wilson et ai, 1983 (Wilson et ai, , 1986 groups of this species. However, age at first reproduction tends to be delayed in primate populations in the wild, particularly when food resources are limited (reviewed in Melnick & Pearl, 1987; Dunbar, 1988) . No differences in birth sex ratio between primiparous and multiparous mothers were found, in agreement with other reports (baboons: Altmann, 1980; macaques: Rawlins & Kessler, 1986; Small & Hrdy, 1986; Silk, 1988) . This finding does not support the theoretical prediction that, assuming primiparous mothers are in worse physical condition than multiparous mothers (see below), sex ratio should be more female biased in the former (for an extensive discussion of sex ratio predictions see Clutton-Brock & Iason, 1986 ). Due to the lack of differences in birth sex ratio, the sex of the infant can be ruled out as a potential confounding variable in this study.
Females who were delivering their first infant gave birth around the same time as multiparous non-lactating females, and significantly earlier than multiparous lactating females. Thus, lactation delayed reproduction among multiparous females, as has been found in other studies (Drickamer, 1974; Gordon, 1981; Hiraiwa, 1981; Paul & Thommen, 1984; Scucchi, 1984; Pope et ai, 1986; Wolfe, 1986; Lee, 1987; Gomendio, 1989 ). On the other hand, since the timing of births was similar for primiparous and multiparous non-lactating females, it follows that the former did not confront major reproductive constraints during the breeding season in which they first conceived success¬ fully (see also Pope et ai, 1986).
A major difference in reproductive performance relied on the fact that primiparous females had longer inter-birth intervals than did multiparous females. Because macaques are seasonal breeders, failure to become pregnant during the breeding season entails a barren year. Thus, inter-birth intervals can be measured in year-units, instead of the less abrupt time differences present in nonseasonally breeding species. Depressed fertility after the first surviving infant seems to be an almost universal feature among Old World primates (see reviews by Wilson et ai, 1983 Wilson et ai, , 1988 Anderson, 1986; Lancaster, 1986; Nicolson, 1987) , but its causation is poorly understood. To start with, several possible explanations can be ruled out. First, as already mentioned, primiparous females gave birth relatively early in the season and, therefore, the reproductive constraints that derive from late births (Drickamer, 1974; Scucchi, 1984) cannot account for the differences observed (see also Wilson et ai, 1983) . Second, the differences in fertility during the following breeding season can neither be attributed to age alone (i.e. adolescent status) nor pregnancy, for females of the same age which are either artificially prevented from becoming pregnant after ovulating or are separated from their first born infants just after birth, do reproduce successfully during the following breeding season (Wilson et ai, 1988 ; see also Pope et ai, 1986) . The already mentioned fact that nulliparous females, who are younger than primiparous females, seem to be free from any major reproductive disadvantages when they first become pregnant, lends further support to the view that age alone cannot explain the low fertility of primiparous females.
The delay of subsequent reproduction among primiparous females therefore seems to result from a combination of low parity (or young age) and the successful rearing of the first infant. Two main hypotheses have been put forward which consider both factors simultaneously.
The first hypothesis postulates that since, among primates, primiparous females have not reached full adult stature or body weight (reviewed by Anderson, 1986; Lancaster, 1986) , the costs of lactation will add to the costs of growing, resulting in an energetic burden of such magnitude that will make reproduction in the short term difficult (Wilson et ai, 1978 (Wilson et ai, , 1988 Mori, 1979; Walker et ai, 1983; Lancaster, 1984 Lancaster, , 1986 Anderson, 1986; Nicolson, 1987) . Macaque females reproduce at a particularly early stage in the course of their physical maturation, for they attain menarche when they are only 30% of the adult stature, unlike chimpanzees or humans who reach menarche when 80% and 70% respectively of full adult size has been attained (Watts & Gavan, 1982) . In macaques, menarche even precedes the beginning of the acceleration in growth rates that adolescents experience (a growth spurt, which is of minor magnitude when compared to that in humans) (Watts & Gavan, 1982) . Consequently, primiparous females tend to be smaller in size, to weigh less, and to have less body fat than do multiparous females (Mori, 1979; Walter et ai, 1984; Pope et ai, 1986; Wilson et ai, 1988) , features which are known to be reproductively disadvan¬ tageous (Frisch, 1978; Mori, 1979; Altmann, 1983; Lee, 1987; Prentice & Whitehead, 1987; Dunbar, 1988 ); in addition, they grow while they are raising their infants (Wilson et ai, 1988) . Mothers with so few resources to spare are likely to find difficulties in coping with the energetic demands of reproduction, in particular lactation (Altmann, 1983; Prentice & Whitehead, 1987) . The problem with an argument of this kind is that it is unclear how such energetic constraints could influence fertility through changes in body condition (Prentice & Whitehead, 1987; Berman, 1988; Lunn, 1988) . A critical level of body fat has been regarded by some as essential for ovulation to occur (Frisch & McArthur, 1974; Frisch, 1978 Frisch, , 1984 , while this has been refuted by others (Bongaarts, 1980) ; hence it remains an open question whether differences in body condition could explain the delay in the appearance of oestrus that primiparous females experienced (see also Wilson et ai, 1988) . Once they come into oestrus, primiparous females experience repeated cycles with inad¬ equate luteal phases, and low serum concentrations of progesterone, oestradiol, and bioactive LH (Pope et ai, 1986; Wilson et ai, 1988) , which prevent the occurrence of a successful conception. Wilson et ai (1988) found no relation between body weight, body fat and growth rates, from the birth season to the following breeding season, and the proportion of abnormal ovulations (see also Pope et ai, 1986) . It could be that under optimal nutritional conditions, as was the case in their study, there is no clear relationship between various degrees of body condition and reproductive performance. However, their results do suggest that the decline in fertility after the first birth is not necessarily a direct result of a worsening in physical condition resulting from a combina¬ tion of lactation and growth. Instead, this evidence points to the existence of other regulatory mechanisms.
The second hypothesis suggests that primiparous females may have a suckling pattern such that it prevents short-term reproduction (Walker et ai, 1983; Nicolson, 1987; Wilson et ai, 1988) . The available evidence indicates that it is certain features of suckling patterns that influence maternal reproduction. Among these, the frequency of suckling bouts (or the duration of the interval between bouts) seems to be a key variable, while it is not clear whether the duration of the suckling bouts or the total amount of time spent suckling have any significant effect (man: Konner & Worthman, 1980; Howie & McNeilly, 1982; Short, 1984; Wood et ai, 1985; vervets: Lee, 1987;  gorillas: Stewart, 1988) . Recent work on macaques has shown that lactating females which failed to reproduce experienced not only a higher frequency of suckling bouts, but also more nipple contacts per bout, than did those which did reproduce; however, conceivers and non-conceivers did not differ in the duration of the suckling bouts (Gomendio, 1989) .
Thus, if primiparous mothers were suckling their infants at high rates and/or with a high number of nipple contacts per bout, this could explain their low fertility during the breeding season. The results presented in this paper show that this was certainly the case. From 4 to 12 months of age, infants of primiparous females were sucking more frequently and making more nipple contacts per bout than were infants of multiparous females. While addressing this same question, Wilson et ai (1988) obtained very different results, which indicate that, if anything, multiparous females were suckling their infants more frequently. However, the figures they present show a range of suckling frequencies from around 15 to 55 bouts/h. These values are extremely high when compared to other primate data available in the literature which tend to be surpris¬ ingly homogeneous (Clark, 1977; Nicolson, 1982; Lee, 1987; Stewart, 1988; Stewart et ai, 1988; Gomendio, 1989 ). These differences could have arisen because of the use of a different statistical procedure to define 'suckling bout', but this is difficult to deduce from the infor¬ mation provided in their paper. In trying to explain the low reproductive performance of primi¬ parous females, despite the apparent absence of differences in suckling patterns, Wilson et ai (1988) postulated that primiparous females may be more sensitive to the influence of suckling, because their neuroendocrine system is still not fully developed. In the present study, the clear differences in suckling patterns found between primiparous and multiparous mothers render such interpretation unnecessary.
Because the physiological mechanisms postulated to explain the inhibitory effect of the suckling stimulus upon ovulation are likely to act on a short time scale (Short, 1984; Pope et ai, 1986; Gordon et ai, 1987; McNeilly, 1988; McNeilly et ai, 1988; Wilson et ai, 1988) , suckling patterns during the breeding season could be particularly relevant. In this study, the differences in suckling behaviour between primiparous and multiparous females became more accentuated precisely during the breeding season. While in oestrus, primiparous females suckled their infants more frequently than did multiparous females, and there was a non-significant tendency for their infants to make more nipple contacts per bout. When the changes in suckling patterns around first oestrus were examined, it was found that higher suckling frequencies among primiparous females were already present 1-5 months before this event, and that primiparous females underwent a drastic increase precisely at first oestrus, while suckling frequency remained low throughout this period for multiparous females. After the appearance of the first oestrus, suckling frequency declined for both groups of mothers, but primiparous females consistently showed higher values. Similarly, infants of primiparous mothers tended to make more nipple contacts per bout before, during, and after, first oestrus, than did infants of multiparous mothers. Hence, the high suckling frequency, as well as the presence of numerous nipple contacts per bout, could explain the occurrence of inadequate luteal phases among primiparous mothers (Pope et ai, 1986; Wilson et ai, 1988) . Wilson et al. (1988) suggested that the fact that suckling frequences changed around ovulation could be the critical factor, rather than the actual frequency levels. The findings presented here show that primiparous females experienced both higher suckling frequencies and a sharp increase in this variable coin¬ ciding with the appearance of oestrus. Whether this peak is important because of the increase itself or because it entails a sudden change remains uncertain.
Suckling frequency decreased for primiparous and multiparous mothers after their return to oestrus. However, within the next 1-5 months suckling frequency in primiparous mothers was not reduced to <2 bouts/h, while multiparous mothers were suckling their infants at <l-5 bouts/h soon after the appearance of oestrus. Average conception date actually coincided with the point at which suckling frequencies for multiparous mothers fell below 1-5 bouts/h. Vervet mothers, another seasonally breeding species, also seem to conceive only when suckling frequency crossed this threshold (Lee, 1987 ; and see also Gomendio, 1989) .
The multiparous females seemed to compensate for their low suckling frequency by lengthening the duration of the suckling bouts. In this way, they seemed to be reducing those suckling variables that inhibit reproduction (i.e. frequency of bouts and number of nipple contacts), while increasing those that are not, such as bout duration. The question then arises of why primiparous females do not follow a similar strategy. Primiparous females could be forced into a reproductively inhibiting suckling pattern if they were unable to produce as much milk, or to produce it as quickly, as multiparous females (see Fowler et ai, 1988) . Evidence from other studies indicates that when under poor nutritional conditions mothers produce milk at slower rates, their infants respond by increasing the frequency of suckling in order to stimulate milk secretion (red deer: Loudon et ai, 1983; Loudon & Kay, 1984; man: Prentice et ai, 1986; Prentice & Whitehead, 1987; Lunn, 1988) . Human babies also increase the number of sucks within a feeding episode when milk flow is slow (Drewett & Woolridge, 1979; Bowen-Jones et ai, 1982) . Thus, the higher suckling frequency and numerous nipple contacts per bout shown by the infants of primiparous mothers, could be a response to slow or insufficient milk yields which, in turn, may be a consequence of the physical and developmental characteristics of primiparous mothers (i.e. low body weight and fat, continued growth). In other words, among primiparous mothers, the energetic requirements of growth could divert maternal resources away from milk production, resulting in small milk yields which, in turn would prompt more frequent nipple stimulation by their infants, ultimately resulting in delayed reproduction. This interpretation could provide a potential link between the two hypotheses discussed, since it relates energetic constraints and maternal physical condition on the one hand, to milk production and suckling patterns on the other.
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